Background: Blood storage particularly for transfusion is a common practice among Medical Laboratory Scientists. However, haemolysis of blood during storage is inevitable but the degree of occurrence is largely dependent on the mode of storage, which has not been fully investigated. Aim: The aim of this study was to measure and compare the extent of haemolysis in blood for transfusion stored in domestic and medical laboratory refrigerators. Methods: Haemolysis was compared from day one up to day thirty five of blood storage at an interval of seven days in domestic and medical laboratory refrigerators. 450 ml of whole blood from three donors was collected into blood bags. Each blood unit was divided into two and stored in the different refrigerators. Extent of haemolysis was determined by expressing the plasma haemoglobin as a percentage of the total haemoglobin. The student t-test was used to compare the differences in haemolysis. Results: The level of haemolysis was similar in both refrigerators at base line (domestic = 0%, medical = 0%). However at day 35 of storage, the haemolysis was significantly greater (P = 0.031) in the domestic refrigerator as compared to the medical laboratory refrigerator (domestic = 3.1% ± 0.4%, medical = 0.9% ± 0.1%). Conclusion: There was a high degree of haemolysis in the domestic refrigerator than the medical laboratory refrigerator. The domestic refrigerator therefore does not meet the quality and the standards required for blood storage for transfusion.
Introduction
Blood transfusion service plays a vital role during the treatment of certain diseases, accidents and surgery as discussed by [1] . In the service, it is not always that the prepared blood and its components are transfused immediately as discussed by [1] . When immediate transfusion is not required, the prepared blood and its components have to be stored as discussed elsewhere [1] [2] . There are medical laboratory refrigerators required for the storage of blood and its associated components as discussed by [2] . These refrigerators maintain the temperature at a recommended range so that blood components do not undergo massive changes during storage as discussed by [3] . The changes may lead to red blood cell (RBC) haemolysis as discussed elsewhere [4] [5] . The ideal storage temperature of blood is 2˚C to 6˚C as discussed by [5] . There is therefore the need for all medical laboratory refrigerators used at the blood banks to have temperature monitoring devices to keep the temperature at the required range to achieve as minimum haemolysis as possible as discussed by [6] .
Haemolysis represents the breakdown or the disruption of the integrity of the RBC causing the release of Haemoglobin as discussed by [7] . Haemolysis of blood product is usually manifested by the presence of haemoglobin in the red cell suspending medium, such as plasma or additive solution as discussed by [7] . Haemolysis of RBC is the most obvious manifestation of the RBC system storage failure and is measured by determining the free haemoglobin to the total haemoglobin contained in the unit as discussed by [8] . There are several factors that can cause RBC haemolysis during storage, some of which are shear stress and mechanical force such as, at the edges of kinked tubing and partially opened transfer tube closures as discussed by [9] . Other causes are intrinsic RBC membrane defects and deformability, preparative procedure, osmotic and pH changes as discussed by [10] . Also bacterial contamination, presence of leukocyte, storage duration, drugs and irradiation of packed red blood cells as discussed by [11] . However, temperature variation causes most observed haemolysis as discussed by [11] . The temperature of the blood and its components during filtration or processing and storage is therefore very important factor in preventing haemolysis as discussed by [12] .
Currently, in developing countries, some laboratories use domestic fridges to store blood for transfusion instead of the required medical laboratory refrigerators. These domestic fridges are not capable of keeping the temperature at the required range of 2˚C to 6˚C as maintained by the medical laboratory refrigerators as discussed by [10] . This can result in significant level of haemolysis which may result in medical complications when those bloods are transfused as discussed by [13] . This study set out to undertake a comparative study of the degree of haemolysis in blood meant for transfusion that are stored in the prescribed medical laboratory refrigerators and in domestic refrigerators. This study will add to existing knowledge and provide more information needed to improve upon storage of blood for transfusion.
Materials and Methods

Ethical Clearance
Ethical clearance for this research was sought from the Ethics and Protocol Review Committee at the School of Biomedical and Allied Health Sciences (SBAHS), University of Ghana, Legon. All blood donors gave their informed consent.
Materials
Some of the materials needed for the work include: A medical laboratory refrigerator and domestic refrigerator, Ethylene diamine tetracetic acid (EDTA) tubes, haemocue, haematocrit centrifuge, micro haematocrit reader and Pasteur pipettes.
Procedure
Two donated whole blood were placed in a laboratory refrigerator and one in a domestic refrigerator both in the haematology laboratory of SBAHS. Haemolysis was determined by measuring the amount of plasma haemoglo-September 2015 | Volume 2 | e1909 bin (Hb) released into the medium (plasma) using the haemocue from day 1 and 7 days interval up to the 35 th day. Total blood haemoglobin as well as haematocrit were also measured each time. To determine the extent of haemolysis, the plasma haemoglobin concentration was divided by the total blood haemoglobin and multiplied by the corrected haematocrit (1-haematocrit) 13 .
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Degree of haemolysis was therefore determined based on the amount of haemoglobin released into the plasma medium for each sample. The donated samples were followed for haemolysis from the first day of storage till the last day (35 days) at an interval of seven (7) days.
Data Analysis
The data obtained was analysed using student t-test to compare the differences in haemolysis that occurred when blood was stored in the two different refrigerators. A P-value of <0.05 was taken as being statistically significant.
Results
Haemolysis started in the first and the second week of storage in the domestic and the medical laboratory refrigerators respectively. The haemolysis that occurred in the first week (day 7) of storage in the domestic refrigerator was similar to that of medical laboratory refrigerator at day 35 ( Table 1) . This implies the haemolysis was significantly higher in the domestic refrigerator as compared to the medical laboratory refrigerator at day 35. There was 94% percentage change between storage day 28 and 35 in the domestic refrigerator as compared to other storage days ( Table 1 ). The variation in haemolysis at day 35 for the different refrigerators was very significant (P = 0.031).
The plasma haemoglobin measured at day 21 and 28 in the domestic refrigerator was similar to that in the medical laboratory refrigerator. Also, between day 28 and 35 of storage in the domestic refrigerator, there was a sharp rise in the plasma haemoglobin. At day 35, the plasma haemoglobin was significantly greater in the domestic refrigerator as compared to the medical laboratory refrigerator ( Table 2 ).
Discussion
In this study, extent of haemolysis and plasma haemoglobin in Citrate Phosphate Dextrose Adenine-1 (CPDA-1) stored whole blood was measured and compared in domestic and medical laboratory refrigerators at an interval of seven days for 35 days. The haemolysis at the baseline (day one) was the same for both domestic and the medical laboratory refrigerator. However, haemolysis started in the first and the second week of storage in the domestic and the medical laboratory refrigerator respectively. Study by Sawant et al. in 2007 indicates that haemolysis increases with increasing storage period as discussed elsewhere [8] . Similar observation was made in this study. At day 35 of storage, haemolysis was found to be significantly higher (P < 0.05) in the domestic refrigerator as compared to the medical laboratory refrigerator. Between day 28 and day 35 of storage in the domestic refrigerator, there was a sharp rise from in haemolysis. Interestingly, haemolysis that occurred at day 7 of storage in the domestic refrigerator was the same as that which occurred at day 35 of storage in the medical laboratory refrigerator. This finding is in line with the decision that blood may be stored in the domestic refrigerator for only seven days postulated by the Malawian Guidelines for Safe Blood Transfusion, 2012 as discussed elsewhere [14] . The haemolysis that occurred at day 35 in the medical laboratory refrigerator satisfy the 1% maximum haemolysis in deglycerolised red blood cells (RBC) set by the US Food and Drug Administration (FDA) but fails to meet the 0.8% standard set by the Guidelines of the council of Europe for haemolysis in red blood cell products for transfusion as discussed elsewhere [15] [16] . The haemolysis that occurred in the domestic refrigerator at day 35, fails to satisfy the 1% and the 0.8% standards, set by both the U.S Food and Drug Administration (FDA) and the Guidelines of the council of Europe respectively as discussed elsewhere [15] [16]. The research also showed increased plasma haemoglobin with increased storage period in both the domestic and the medical laboratory refrigerators as reported by Iris et al. 2012 as discussed elsewhere [17] .
A significant level of plasma haemoglobin was reported according to various studies conducted to quantify the level of plasma haemoglobin in stored packed red cell unit as discussed by [7] . ) as discussed elsewhere [7] . In this study a mean plasma haemoglobin level of 400 mg ± 100 mg and 200 mg ± 100mg were recorded in a CPDA-1 whole blood in the domestic and the medical laboratory refrigerator respectively at day 28 of storage. Therefore comparing this finding with day 26 of storage in the Adsol, high plasma haemoglobin and high haemolysis occurred in CPDA-1 as compared to Adsol as discussed by [7] . However at day 35 of storage, the plasma haemoglobin recorded in the domestic refrigerator was significantly higher (P < 0.05) than the medical laboratory refrigerator. The high plasma haemoglobin (0.7 g/dl ± 0.1 g/dl) recorded in the domestic refrigerator was as a result of the high haemolysis that occurred in the domestic refrigerator, as plasma haemoglobin determines the extent of haemolysis.
The high haemolysis in the domestic refrigerator shows that the domestic refrigerator does not meet the standards of quality and safety and is unsuitable for blood storage. The high haemolysis in the domestic refrigerator could result from several factors which do not affect the medical laboratory refrigerator. According to the Malawian Guidelines for Safe Blood Transfusion, 2012, the domestic refrigerator lack fans for uniform air circulation and there is no alarm for warning when the storage temperature is outside the range required as discussed elsewhere [14] .
In fact the domestic refrigerator cannot keep the storage temperature in the required range of 2˚C to 6˚C and when red blood cells are stored outside this temperature range, they begin to haemolyse as discussed by [17] . Haemolysis that occurred in the medical laboratory refrigerator could result from preparative procedure, shear stress, mechanical force, bacterial contamination and intrinsic red blood cell membrane defect as discussed by [11] . There were a few limitations worthy of note including not using more samples as well as different types of refrigerators.
Conclusion
Haemolysis is a good indicator for assessing the quality of stored red blood cells. In this study, haemolysis and September 2015 | Volume 2 | e1909 plasma haemoglobin in a CPDA-1 stored whole blood were found to increase with increasing storage period/time in both domestic and the medical laboratory refrigerators. However, haemolysis and plasma haemoglobin were found to increase significantly in the domestic refrigerator as compared to the medical laboratory refrigerator. The domestic refrigerator therefore does not meet the standards required for blood storage for transfusion. If patients are transfused with blood stored in domestic refrigerators, they may end up being transfused with haemolysed blood that can result in severe immunological consequences as discussed by [17] . If however, it is the only refrigerator available at the health centre, then its temperature settings must be strictly monitored to reduce the level possible haemolysis.
